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A B S T R A C T
Background: Management of critically injured patients is usually complicated and challenging. A
structured team approach with comprehensive survey is warranted. However, delayed diagnosis of co-
existing injuries that are less severe or occult might still occur, despite a standard thorough approach
coupled with advances in image intervention. Clinicians are easily distracted or occupied by the more
obvious or threatening conditions. We hypothesised that the major area of injured body regions might
contribute to this unwanted condition.
Methods: A retrospective study of all trauma patients admitted to our surgical intensive care units (ICU)
was performed to survey the incidence of delayed diagnosis of injury (DDI) and the association between
main body region injured and possibility of DDI. Demographic data and main body regions injured were
compared and statistically analysed between patients with and without DDI.
Results: During the two-year study period, a total 976 trauma patients admitted to our surgical ICU were
included in this study. The incidence of DDI was 12.1% (118/976). Patients with DDI had higher
percentages of thoracic, abdominal, and pelvic injuries (30.5%, 16.1%, and 7.6% respectively) than the
non-DDI group (14.7%, 7.5%, and 3.0% respectively) (p < 0.001, 0.003, and 0.024 respectively). A logistic
regression model demonstrated that head (odds ratio = 1.99; 95%CI = 1.20–3.31), thoracic (odds
ratio = 2.44; 95%CI = 1.55–3.86), and abdominal injuries (odds ratio = 2.38; 95%CI = 1.28–4.42) were
independently associated with increasing DDI in patients admitted to the surgical ICU.
Discussion: In conclusion, critical trauma patients admitted to the surgical ICU with these categories of
injuries were more likely to have DDI. Clinicians should pay more attention to patients admitted due to
injuries in these regions. More detailed and dedicated secondary and tertiary surveys should be given,
with more frequent and careful re-evaluation.
 2014 The Authors. Published by Elsevier Ltd. All rights reserved.
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skilful techniques. Clinicians in charge of these patients need to
assume all possible worst-case scenarios, but also attempt to
exclude most of them in the least time with adjuvant tools as
quickly as possible. With unstable or complicated conditions, they
should be dispatched to the most optimal and timely deposition for
further treatment or stabilisation, whether in the operation room
(OR) or the intensive care units (ICU). Under such strategies, co-
existing injuries aside from the ‘‘main trauma’’ having less severity
or occult symptom/signs are easily missed or delayed in diagnosis.
The delayed diagnosis of injury (DDI) in these patients brings
further hazard to an already critical condition and may increase
morbidity or even mortality in these critical trauma patients.
Protocols or guidelines developed by various societies including
the Advanced Trauma Life Support (ATLS) course [1] emphasise the
importance of secondary or even tertiary surveys with thoroughhts reserved.
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minimise the possibility of missed potential injuries.
However, with all these efforts, the establishment of integrated
teamwork, and the advancement in imaging technology, DDI might
still occur. When dealing with severely injured and unstable
trauma patients, critical decisions often must be made and life-
saving procedures be performed immediately, and patients usually
are proceeded to their deposition for injury control and stabilisa-
tion. The above-mentioned protocols or guidelines would also
focus on the most life-threatening conditions, rather than
identifying all possible injuries under such circumstances. In a
previous study, DDI was found to occur at any stage of the
management of patients with major trauma [9]. Other studies
noticed that DDI had reported incidences of 2–14% [2,8,12,13,17],
with the majority occurring in the musculoskeletal system. DDI
sometimes were associated with human errors, identiﬁed in 4% of
patients with DDI, and 5.9% of the mortalities attributed to these
DDI were considered preventable or potentially preventable [7].
These results are not surprising, because clinicians are easily
occupied or distracted by more time-consuming or urgent threats,
therefore less severe or occult injuries are likely to be missed in the
beginning. Although recent advancements in treatment and
diagnostic modalities (e.g. the introduction of damage control
resuscitation, the progress in interventional radiology, the use of
multi-slice computed tomography, etc.) might change the pattern
of DDI, there is a lack of standardised studies using comparable
deﬁnitions for DDI and clinically signiﬁcant DDI, so further
investigation of this subject is warranted [14].
Accordingly, we proposed a study that focused on whether
speciﬁc ‘‘major’’ body regions injured may contribute to increased
possibility of DDI. Besides, there were several other purposes to our
study. Firstly, we wished to determine the incidence of DDI in
trauma patients admitted to the surgical ICU after initial surveys in
the emergency department (ED). Secondly, we also sought to
identify speciﬁc body regions that were more commonly
associated with DDI, thus reminding clinicians to pay extra
attention to patients sustaining injuries in these speciﬁc regions
with more delicate secondary or tertiary surveys and more
frequent re-evaluations in order to minimise the incidence of
DDI and contribute to the enhancement of patient care and quality
of care.
Materials and methods
A retrospective study of trauma patients admitted to the
surgical ICUs was conducted over the two-year period in southern
Taiwan. The medical facility, located in a municipality with a
population of 1.52 million people, provides medical-centre level
health care and serves about 84,000 ED patients per year. The study
was approved by the Ethics Review Committee of the study
hospital.
On arrival in our ED, an injured patient is normally received by
the triage nurse who, whenever possible, records baseline
information before the trauma surgeon on duty carries out the
primary and secondary surveys. The ED is staffed by six trauma
surgeons all board-certiﬁcated by the Taiwan Surgical Association
and Formosan Association for the Surgery of Trauma, and they are
all qualiﬁed ATLS providers. Resuscitation is initiated at this point
(including operative resuscitation if needed) according to ATLS
guidelines. The tertiary survey is carried out later after admittance
to the surgical ICU. All patients sustaining trauma who were
subsequently admitted to the ICU were eligible for recruitment to
our study. According to our protocol, immediately after admittance
to the trauma bay and initial management of the patient, the
trauma surgeon on duty registered all relevant data with a
standard trauma chart that records all vital parameters of thepatient, including pre-hospital and in-hospital treatment. Diagno-
ses were registered and coded according to the International
Classiﬁcation of Diseases, 9th Revision.
The hospital records of injured patients admitted to the surgical
ICU were selected for detailed review and DDI analysis. Variables
recorded included the following: demographic characteristics;
times of injury, arrival and receiving care; Injury Severity Scores
(ISSs); investigations and results; and morbidity and mortality. A
trauma surgeon reviewed medical records of all enrolled patients
and entered the information into a database for analysis. For the
purpose of the study, DDI was deﬁned as an injury that was not
discovered nor suspected upon admission to the ICU following the
initial resuscitation, diagnostic studies, or surgery, and not
documented in either the trauma resuscitation notes or the
admission notes. In this study, an injury found after surgical
exploration directly related to the traumatic event was also
categorised as a DDI. Impaired consciousness was deﬁned as GCS of
less than 14. Polytrauma was deﬁned as a patient having injuries in
more than two different body regions.
Patients transferred directly to the surgical ICU and those
patients in extremis, in whom the secondary survey had not been
completed prior to their transfer to the operation room and
subsequent arrival in the surgical ICU, were excluded from the
study. Patients who died in the hospital with a length of stay of
under 24 h were also excluded because the extensive resuscitation
measures required by these patients may have limited the time
available to perform a complete assessment. Unfavourable
outcome was deﬁned as the patient eventually expiring in the
hospital. All trauma-related diagnoses were made by reviewing
imaging or during the tertiary survey of hospital admission. Any
imaging, including CT scans and X-rays, was reviewed by
radiologists as well as by the trauma surgeons. A senior trauma
surgeon would be a mediator if there were any disagreement in the
diagnoses. In this study, head injury was deﬁned as injury to the
brain, or facial bone fractures diagnosed by brain CT. Cervical
injuries involving the spinal cord or bones were also conﬁrmed on
cervical CT scans. Thoracic injury was deﬁned as injury to the
organs included in the thoracic cavity found on chest X-ray or CT
scans. Abdominal injury was deﬁned as injury to the organs inside
the abdomen. Pelvic injury included any bone lesion or organ
injury included in the pelvic cavity. Extremity injury was deﬁned
as any bone injury over the four limbs. Soft tissue injury was
deﬁned as any injury affecting the epithelial, muscular, nerve or
connective tissues.
Statistical analysis
Study patients were divided into two groups: patients with DDI
and patients without DDI. Demographic data and medical
information were compared and statistically analysed in the
two patient groups to identify factors associated with DDI. The
chart for each patient was reviewed to determine when and how
these DDI were eventually diagnosed. Each body region of every
patient was recorded as having injury or not; subsequently, each
injury was further classiﬁed as a DDI or not for analysis. SPSS for
Windows version 17.0 (SPSS Inc., Chicago, III) was used for
statistical analysis. Mean and standard deviation (SD) were
calculated for continuous variables. Descriptive statistics were
used when appropriate. Group comparisons were made using the
x2 test for categorical variables with Yates’ correction and
Student’s t-test for normally distributed, interval level variables.
A p value of 0.05 or less was considered statistically signiﬁcant.
Logistic regression analysis was then performed to control for
possible confounding by any of the aforementioned variables that
reached a predetermined signiﬁcance level. Variables with p values
of less than 0.10 were then entered into an exploratory logistic
Table 1
Comparisona of patient characteristics between delayed diagnosis and non-delayed
diagnosis groups.
Parameter Delayed
diagnosis group
(n = 118)
Non-delayed
diagnosis group
(n = 858)
p value
Male gender (%) 82(69.5%) 582(67.7%) 0.797c
Age (y) (SD) 38.6(20.3) 44.6(23.4) 0.004
ISS (SD) 18.2(8.4) 14.6(8.1) <0.001
Polytrauma (%) 64(54.2%) 331(38.6%) 0.002c
C.I. (%)b 43(36.4%) 336(39.2%) 0.640c
Unfavourable outcome (%) 10(8.5%) 115(13.4%) 0.175c
a Age and ISS were compared using independent samples t-test, and others using
the Chi-squared test.
b C.I. = consciousness impaired.
c Chi-squared with Yates’ correction.
Table 2
Classiﬁcation of injured regions.
Body region Overall
(n = 976)
Delayed
diagnosis
group
(n = 118)
Non-delayed
diagnosis
group
(n = 858)
p valuea
Polytrauma (%) 395(40.5%) 64(54.2%) 331(38.6%) 0.002
Head injury (%) 705(72.2%) 93(78.8%) 612(71.3%) 0.111
Spinal injury (%) 88(9.0%) 15(12.7%) 73(8.5%) 0.186
Thoracic injury (%) 162(16.6%) 36(30.5%) 126(14.7%) <0.001
Abdominal injury (%) 83(8.5%) 19(16.1%) 64(7.5%) 0.003
Pelvic injury (%) 35(3.6%) 9(7.6%) 26(3.0%) 0.024
Extremities injury (%) 200(20.5%) 32(27.1%) 168(19.6%) 0.075
Soft tissue injury (%) 199(20.4%) 16(13.6%) 183(21.3%) 0.065
a Chi-squared with Yates’ correction.
Table 3
Independent risk factorsa associated with delayed diagnosis.
Factor Odds ratio p value 95% conﬁdence interval
Head injury 1.99 0.007 1.20–3.31
Thoracic injury 2.44 <0.001 1.55–3.86
Abdominal injury 2.38 0.006 1.28–4.42
Soft tissue injury 1.73 0.054 1.00–3.03
a The risk factors included in the logistic regression model were head injury,
thoracic injury, abdominal injury, and soft tissue injury.
Table 4
Delayed diagnosis in patients with head injury (n = 705).
Associated injury
of body regions
Total delayed
diagnosis number
Injuries diagnosed in other
body regions
No injury found Injury found
Head injury 35 – 35/705 (5%)
Spinal injury 7 4/662 (1%) 3/43 (7%)
Thoracic injury 17 8/606 (1%) 9/99 (9%)
Abdominal injury 1 0/676 (0%) 1/29 (3%)
Pelvic injury 2 0/686 (0%) 2/19 (11%)
Extremity injury 18 9/554 (2%) 9/151 (6%)
Soft tissue injury 27 27/564 (5%) 0/141 (0%)
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factors for the DDI. Data such as missing information, illegible
information, and incomplete information were excluded.
Results
Epidemiology of study patients
During the two-year study period, 31,432 trauma patients were
brought to our ED. A total of 1056 patients with trauma were
admitted to our surgical intensive care units. Twenty-eight
patients were transferred directly to the surgical ICU, 21 patients
with incomplete data and 31 patients in extremis without
complete secondary survey had been excluded from the study.
After exclusion, 976 patients were included in the study. Of these,
220 DDI were identiﬁed in 118 patients. Demographic data were
compared between the DDI population and the other patients with
no DDI during the study period (Table 1).
Of the 976 patients recruited, 118 (12.1%) had DDI. The DDI
population was shown to have signiﬁcantly higher mean ISSs (18.2,
SD 8.4) than the non-DDI group (14.6, SD 8.1). However, 38.6%
(331/858) of the non-DDI patients sustained two or more injuries,
which was signiﬁcantly lower than the corresponding ﬁgure of
54.2% (64/118) in the DDI group (p = 0.002). The average age of
patients in the DDI group (38.6, SD 20.3 years) was signiﬁcantly
younger (p = 0.004) than the non-DDI group (44.6, SD 23.4 years).
There was no signiﬁcant difference between the two groups in
gender, unfavourable outcome, or impaired consciousness.
Risk factors associated with DDI
Anatomic regions with DDI are shown in Table 2. Of 976 patients,
extremity injuries were found in 20.5%, head injuries for 72.2%,
spinal cord injuries accounted in 9.0%, thoracic injuries in 16.6%,
abdominal injuries in 8.5%, pelvic injuries in 3.6% and soft tissue
injuries in 20.4%. There was a statistically signiﬁcant higher
percentage of thoracic, abdominal, and pelvic injuries in patients
who had DDI (30.5%, 16.1%, and 7.6% respectively) compared to the
patients who did not have any DDI (14.7%, p < 0.001; 7.5%, p = 0.003;
and 3.0%, p = 0.024 respectively). However, the incidence of soft
tissue injuries was lower in the DDI group than in the non-DDI group
(13.6% vs. 21.3%, p = 0.065). There were no signiﬁcant differences
between the two groups for injuries involving other body regions.
Before analyses, all exclusions preceded the forming of the 976
patients for analysis. To control for the various signiﬁcant variables
for multicollinearity, the following independent variables were
entered into the ﬁrst logistic regression model: injury regions
(head, spinal, thoracic, abdomen, pelvic, extremity region, and soft
tissue injury), and polytrauma. Head, thoracic, abdominal, and soft
tissue injuries were independent of increasing DDI (p = 0.023,
0.016, 0.055, and 0.033, respectively). A second step of multiple
logistic regression analysis included in the model (deﬁned as p
values of <0.10 in the ﬁrst step) with head injury, thoracic injury,
abdominal injury and soft tissue injury revealed that DDI was
determined by head injury (odds ratio = 1.99; 95%CI = 1.20–3.31),
thoracic injury (odds ratio = 2.44; 95%CI = 1.55–3.86), abdominal
injury (odds ratio = 2.38; 95%CI = 1.28–4.42), and soft tissue injury
(odds ratio = 1.73; 95%CI = 1.00–3.03) (Table 3). Soft tissue injury
did not have statistical signiﬁcance in the ﬁnal model.
Delayed diagnosed co-existing injuries in patients with head injury
The associations of DDI in patients who sustained head injury
are shown in Table 4. Among 705 patients found to have head
injury, DDI consisting of head injury (5.0%, 35/705), soft tissue
injury (3.8%, 27/705), extremities injury (2.5%, 18/705), thoracicinjury (2.4%, 17/705) and spinal injury (1.0%, 7/705) occurred at
a higher rate than pelvic (0.3%, 2/705) and abdominal injury
(0.1%, 1/705).
In patients with head injury who also sustained spinal injury,
four delayed diagnosed spinal injuries were found among 662
patients without an initial diagnosis of spinal trauma, while three
DDI in other parts of the spine were found in 43 patients who had
already been diagnosed with spinal trauma. In patients who also
sustained thoracic injury, eight delayed diagnosed thoracic injuries
were found among 606 patients without an initial diagnosis of
thoracic trauma, while nine delayed diagnosed thoracic injuries
Table 5
The delayed diagnosis in patients with thoracic injury (n = 162).
Associated injury
of body regions
Total delayed
diagnosis number
Injuries diagnosed in other
body regions
No injury found Injury found
Head injury 7 2/63 (3%) 5/99 (5%)
Spinal injury 4 1/142 (1%) 3/20 (15%)
Thoracic injury 12 – 12/162 (7%)
Abdominal injury 2 1/127 (1%) 1/35 (2%)
Pelvic injury 2 0/147 (0%) 2/15 (13%)
Extremity injury 10 4/102 (4%) 6/60 (10%)
Soft tissue injury 6 6/125 (5%) 0/37 (0%)
Table 6
The delayed diagnosis in patients with abdominal injury (n = 83).
Associated injury
of body regions
Total delayed
diagnosis number
Injuries diagnosed in other
body regions
No injury found Injury found
Head injury 3 2/54 (3%) 1/29 (3%)
Spinal injury 3 1/72 (1%) 2/11 (18%)
Thoracic injury 6 2/48 (4%) 4/35 (11%)
Abdominal injury 3 – 3/83 (3%)
Pelvic injury 1 0/68 (0%) 1/15 (7%)
Extremity injury 6 2/55 (4%) 4/28 (14%)
Soft tissue injury 1 1/68 (1%) 0/15 (0%)
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with thoracic trauma. With regard to abdominal injury, no DDI was
found in the 676 patients without an initial diagnosis of abdominal
trauma, while one DDI was found in the 29 patients in whom
abdominal trauma had already been diagnosed. In patients who
also sustained pelvic injury, no DDI was found in 686 patients
without an initial diagnosis of pelvic trauma, while two DDI were
found in 19 patients in whom pelvic trauma had already been
diagnosed. In patients who also sustained extremity injury, nine
DDI were found among 554 patients without an initial diagnosis of
extremity trauma, while nine DDI were found in 151 patients in
whom extremity trauma had already been diagnosed. In patients
who also sustained soft tissue injury, twenty-seven DDI were
found in 564 patients without an initial diagnosis of soft tissue
trauma, while no DDI was found in 141 patients in whom soft
tissue trauma had already been diagnosed.
Delayed diagnosed co-existing injuries in patients with thoracic injury
The associations of DDI in patients who sustained thoracic
injury are shown in Table 5. Among 162 patients found to have
thoracic injury, the DDI rates were higher in thoracic (7.4%, 12/
162), extremities (6.1%, 10/162), head (4.3%, 7/162), soft tissue
(3.7%, 6/162), and spinal (2.4%, 4/162) areas as compared to pelvic
and abdominal injury (1.2%, 2/162).
In patients with thoracic injury who also sustained head injury,
two delayed diagnosed head injuries was found in 63 patients
without an initial diagnosis of head trauma, while ﬁve DDI of head
were found in 99 patients whom had already been diagnosed with
head trauma. In patients who sustained spinal injury, one DDI was
found in 142 patients who did not carry the initial diagnosis of
spinal trauma, while three DDI were found in 20 patients in whom
spinal trauma had already been diagnosed. With regard to
abdominal injury, one DDI was found among 127 patients without
an initial diagnosis of abdominal trauma, while one DDI was found
in 35 patients whom had already been diagnosed with abdominal
injury. In patients who also sustained pelvic injury, no DDI was
found among 147 patients without an initial diagnosis of pelvic
trauma, while two DDI were found in 15 patients whom had
already been diagnosed with pelvic trauma. In patients who also
sustained extremity injury, four DDI were found in 102 patients
without an initial diagnosis of extremity trauma, while six DDI
were found in 60 patients whom had already been diagnosed with
extremity trauma. In patients who also sustained soft tissue injury,
six DDI were found in 125 patients without an initial diagnosis of
soft tissue trauma, while no DDI was found in 37 patients whom
had already been diagnosed with soft tissue trauma.
Delayed diagnosed co-existing injuries in patients with abdominal
injury
The associations of DDI in patients who sustained abdominal
injury are shown in Table 6. Among 83 patients found to haveabdominal injury, the DDI rates were higher in thoracic and
extremities injury (7%, 6/83 and 7%, 6/83), and head, spine and
abdominal injury (all, 4%, 3/83), as compared to pelvic and soft
tissue injury (both, 1%, 1/83).
In patients with abdominal injury who also sustained head
injury, two DDI was found among 54 patients without an initial
diagnosis of head trauma, while one delayed diagnosed head
injury was found in 29 patients whom already had been diagnosed
with head trauma. In patients who also sustained spinal injury,
one DDI was found among 72 patients in whom spinal trauma
were not initially diagnosed, while two DDI was found in 11
patients in whom spinal trauma had already been diagnosed. In
patients who also sustained thoracic injury, two DDI were found
in 48 patients without an initial diagnosis of thoracic trauma,
while four DDI were found in 35 patients already diagnosed with
thoracic trauma. In patients who also sustained pelvic injury, no
DDI was found in 68 patients without an initial diagnosis of pelvic
trauma, while one DDI was found in 15 patients whom had already
been diagnosed with pelvic trauma. In patients who also sustained
extremity injury, two DDI was found in 55 patients without an
initial diagnosis of extremity trauma, while four DDI were found
in 28 patients already diagnosed with extremity trauma. In
patients who also sustained soft tissue injury, one DDI was found
in 68 patients without an initial diagnosis of soft tissue trauma,
while no DDI was found in 15 patients already diagnosed with soft
tissue trauma.
Discussion
DDI are one of the major concerns in care of trauma patients.
Although they are not always life-threatening, some may result in
other morbidities, prolonged length of stay and treatment, or even
contribute to mortality and signiﬁcant long-term disability. In
previous studies, according to one study towards so-called
‘‘diagnosis error’’, which also includes DDI, these errors that harm
patients typically result from multiple breakdowns and individual
and system factors. Therefore, to prevent this, awareness of the
most common types of breakdowns and factors is of vital
importance [10]. Other studies pointed out that patients who
have been severely injured in road accidents [9,10], especially
those with head injury [9,16,19], with Glasgow Coma Scale (GCS)
scores of eight or lower [6,11], and with greater Injury Severity
Scores (ISSs) [6,9–11,17,19] were more likely to have DDI. In our
study, trauma patients sustaining thoracic, abdominal, and head
injuries were at greater risk to have DDI in the same regions after
initial surveillance in the ED. Young patients and patients with
higher ISS also had stronger associations with DDI. In our study,
males had more major trauma than females; however, there was
no difference between genders with regard to DDI. The incidence of
DDI following trauma has previously been reported to be between
2 and 14%. A retrospective analysis of DDI suggested that not only
is the true incidence of DDI underestimated, but disturbingly, that
some injuries may only be detected after discharge [4]. Our study
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since this group had previously been shown to be most at risk of
DDI [6,17]. We found a rate of 12% for DDI in these critical trauma
patients.
In previous studies, age was not found to be a signiﬁcant risk
factor for DDI [6,9,12], but our study revealed that younger
patients were more prone to have DDI. We postulate that this
might result from clinicians taking more caution with older
patients because they are trained that these patients may have
more complex conditions and co-morbidity with less tolerance to
haemodynamic changes by trauma. Patients with severe injuries,
higher ISS, and polytrauma were also at higher risk for DDI. One
probable explanation for this is that clinicians may be distracted or
occupied by the potentially lethal injuries or more urgent
conditions, and therefore overlook those seemingly less severe
or occult. Findings in our study are consistent with previous ones in
that patients with a greater ISS are more likely to have DDI
[5,6,9,11,19].
Most studies of DDI did not focus on the relationship with
speciﬁcally injured body regions. In a previous report about DDI,
the trauma populations may include high incidence of penetrat-
ing trauma, both vascular and visceral [18]. In contrast, blunt
injuries accounted for more than 95% of all injuries in our
patients, which may have resulted in fewer delayed diagnosed
vascular and visceral injuries as compared to other studies.
According to our hypothesis, we divided the injuries into seven
body regions, and each was categorised as injured or non-
injured. We found that although thoracic trauma was not the
most common injury, it had a signiﬁcant correlation with DDI in
our patients. Patients injured in the head and abdomen also
were at high risk to have DDI.
Our patients were prone to have head injury (72.2%), which
was also the most frequent DDI in our study (78.8%). In the
retrospective series review summarised by Pfeifer et al., delayed
diagnosed musculoskeletal injuries have decreased in incidence
over the last three decades. They postulated that the decrease in
incidence of DDI might be due to improvements in treatment and
diagnostics [14]. However, in our study, musculoskeletal injuries,
including soft tissue and extremity injuries, was still the second
most frequent region of DDI. Because musculoskeletal injuries are
thought to be less lethal, they may be overlooked in the primary
survey, as clinicians would focus on ﬁnding situations that are
more critical. Although they might not cause mortality or severe
morbidity when missed or diagnosed later, they have an overall
higher chance of being missed on primary survey; thus detailed
secondary and tertiary surveys carefully examining for possible
musculoskeletal injuries are recommended. Because most lethal
injuries are diagnosed in the initial survey according to the
standard protocols by ATLS, and in addition, as the trauma bay is
under the charge of trauma surgeons at the ﬁrst line in our
hospital, the DDI was not obvious in most patients. Therefore, a
good quality of ﬁrst-line defense can reduce delayed diagnoses of
lethal injuries.
Before this study commenced, 24/7 trauma surgeon avail-
ability and focused assessment sonography for trauma (FAST),
and integrated trauma team activation had already been
implemented in our ED to minimise DDI, especially for critically
injured patients. Recently, due to the increase in patient
complexity and the crowded ED environment, liberal use of
CT scans for survey of patients in need has also been widely
accepted in our institution. This may decrease the amount of DDI
in the brain and torso, which are typically the most frequently
scanned areas. However, DDI still occurs in patients with head,
thoracic and abdominal injuries. Some studies have suggested
that CT scans should be the primary modality to image a cervical
spinal injury [15]; therefore, further studies evaluating theimpact of using CT scans and sonograms on the prevention of
DDI might be needed.
In this study, incidence of soft tissue injury was lower in the
DDI group. However, it was identiﬁed to be a risk factor with
odds ratio of 1.73 without statistical signiﬁcance by multiple
logistic regression analysis (Table 3). A possible explanation for
this, is that soft tissue injuries, such as active bleeding wounds or
obvious swelling or ecchymosis, may actually distract the
clinicians during their approach or management of these
critically injured patients, which might result in delay to identify
or exclude potential injuries. On the other hand, since the study
group was critical patients admitted to surgical ICU, their critical
injuries had mostly been either identiﬁed or managed before
admission. As a result, the soft tissue injuries would be certainly
less signiﬁcant with DDI in this study group and lack of clinical
impact.
There are some limitations to our study. First, it was a single
institution’s experience and may reﬂect the characteristics only of
our local patients. Our hospital is located in an urban setting of a
population of 1.52 million people where gun and other weapon
possession is strictly prohibited, so most injuries are blunt traumas
resulting from trafﬁc accidents. Therefore, our results might differ
from studies with higher rates of penetrating trauma. Additionally,
it is possible that the DDI in our study might be overestimated due
to incomplete documentation; for example, if injuries were
actually found and treated by our ED clinicians but were not
documented at the time, it might later be categorised as DDI. Also,
insufﬁcient radiologist reports that were revised later or an
intraoperative ﬁnding in emergent operations would be classiﬁed
as DDI. Nevertheless, our purpose was to identify the most affected
body regions that had DDI, and to remind clinicians that patients
sustaining injuries to certain regions might carry a higher
possibility of DDI. Finally, deﬁnition of DDI in the study was
diagnoses which were not recorded in the admission chart
compared to the ﬁnal diagnosis before discharge; it is difﬁcult
to discern whether these DDI were clinically signiﬁcant initially
requiring surgery or other treatment that may change the
mortality or morbidity situation, or whether they were just
products of ultrasound or CT ﬁndings without any clinical bearing.
Due to the restrictions of a retrospective study, we could not
accurately show the incidence of DDI that needed emergency
operation or intervention upon admission versus those who did
not, nor the percentage of DDI related to radiographic reinter-
pretation of images obtained during initial evaluation. However,
most life-threatening injuries were diagnosed and treated during
the primary and secondary surveys. Therefore, it is not surprising
that most of the DDI were not life-threatening, although some of
them still needed further treatment, which would prolong the
length of hospital stay. Besides, the deﬁnition of DDI was patient
location-based rather than time-based, and with any discrepancy
between admission documentation and discharge diagnosis,
both of these factors likely artiﬁcially increased our DDI rate.
However, the reason we did not use a time-based criterion was
that the time of discovery of the DDI could not be determined,
and it is possible that during the whole period of admission, a DDI
might be found. We divided the time into before and after
admission to deﬁne the DDI, which included the concept of time-
based study. Using a location-based criterion can reduce the bias
due to the length of emergency room stay being variable for
different patients, which can reduce the bias of a time-based
criterion. We reduced the bias of the discrepancy between
admission documentation and discharge diagnosis with one
senior trauma physician reviewing all characteristics to mini-
mise any biased judgement.
In this study, most of the delayed diagnoses did not result in
serious consequences because they were diagnosed and treated
W.-C. Lee et al. / Injury, Int. J. Care Injured 45 (2014) 1429–14341434accordingly; however, we believe that some delayed diagnoses,
such as delayed brain haemorrhage or spleen rupture, are not
feasible to be diagnosed at the ED. Our patients were admitted to
surgical ICU for further observation of the expected DDI and could
be managed immediately; however, with tertiary survey and
intensive care at the ICU, these conditions are usually found easily
and result from the consequence of the injury rather than the delay
of diagnosis. Therefore, we did not determine the clinical
signiﬁcance of the DDI and those patients having critically delayed
treatment as a result of DDI.
Although trauma surgeons are the ﬁrst-line providers in the
care of all trauma patients in our institution, DDI still could not be
totally avoided. Most of our DDI were subsequently found in
the surgical ICU. In previous studies, tertiary survey has been
demonstrated to decrease the number of DDI [3,5,19]. Re-
interpretation or follow-up of X-rays and CT scans might also
prove helpful in this respect. We conclude that although DDI are
not completely preventable in critical trauma patients in a busy
and overcrowded ED, patients sustaining thoracic, abdominal, and
head injuries should be evaluated in more detailed and frequent
re-evaluations for co-existing injuries in the same and other body
regions to identify possible DDI.
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